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IC- -6- H01S-003/18; H01L-033/00 

CL- 42.2 (ELECTRONICS ~ Solid State Components) 

KW- R002 (LASERS); R095 (ELECTRONIC MATERIALS - Semiconductor Mixed 

Crystals); R116 (ELECTRONIC MATERIALS - Light Emitting Diodes, LED) 
AB- PROBLEM TO BE SOLVED: To prevent generation of crack and improve Al 

composition without thinning a layer by evading a lattice defect 

problem involved in introduction of Al by specifying a thickness of 

an AlGaN layer. 

SOLUTION: A d(sub l).mu.m-thick single crystalline layer 403 which is 
mainly composed of gallium nitride of Mg concentration of N(sub 
bgl)cm(sup -3) is provided adjacent to a board 401. A d(sub 
2).mu.m-thick Ga(sub l-x)AJ(sub x) N-base semiconductor layer 405 
whereto Mg of concentration of NM(sub g)cm(sup -3) is added and whose 
Al composition (x) is 0.02 or more and 1 or less is provided to a 
position which holds a single crystal 403 together with the board 401 
therebetween to have a relation thai d(sub l)/(1600Xx)<d(sub 
2)<3.6Xl0(sup -3)XlogN/(x+0.02)+0.02 among Al composition (x), 
concentration NM(sub g), concentration N(sub bgl), thickness d(sub 1) 
and concentration d(sub 2). Here, as for Ncm(sup -3), N=NM(sub 
g)-N(sub bgl) if NM(sub g)>N(sub bgl) and N is a back ground level of 
Mg in undoped Ga(sub l-x)AJ(sub x)N if NM(sub g)<=N(sub bgl). 
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(Waeft«tlS«T WSiJn* 
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S&bExtfO. 0 2JBI 1: 1 a h"t?i*P?^-d : »/<m<7)G a 
AK N«±)JE»tt4i>*?7i/ FWitflA. 

maiAittrtx. nuaisN^ anajtmsftHw^y* 
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d, / (1600Xx) <d, <3. 6 X10 :, x lu&N/ (x 
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[0 0 0 41 GaNJMW3*U— tftt. 3 50 

nm«T*-Cftittfift:««IfiET:**. *fc. fiittttfclM 
UT*>. ftftt J:-jTHLF.DI:*HT 1 SffWttlO 

CO 0 0 6] ifrtJjiEeofcftCtt. »i* 

•t<Ofc*fctt*7V KHtLTA 1 GaNSftfcfclttl 
tfft&fcu. 4 0 0 nmfil^T^ -sXtIs^ 
jSiBr*«fi^aT*&»fCl*A l*RhK£:2 5XJ2U: 
J"?a •b»*3»tfei»«OJS*T?W-« 0 . SiimWJ-.*** 
Rift:*. 20 
[0 0 0 7] L^Lfc#£, 5AlM<5AlGaN)S 

[0 0 0 8] Al GaNJfffc. K«nCaNBfeL< 

o??l^)3g"0 S:*<Ofc«>» A 1 O a NWJSj&tfliSWR/WUi 
A 1 Ga.NlRcailHKrtftJiMfcO* 
59^A9tl/«. Cut. 

05 <t -5 &Si JIWTtt fcfc* 'NWfcB Wfc * 7 -y ? S*« 

[0 0 0 9] -tfetfeA 1 NtG aNtT1J2 56=feWfe 
/•■Jt'RJlW**. tfci&^T. fctA2 0~3 0«fcl> 40 
-jfcA lDUfiOAl GaNtGaNilBCai'TtO. 
5XH««)ifiAV/ftra. +$>J?HC aNJHl: 

£A 1 tatt«e*tMEfi**fcJI8^ TifitLTOtt 
TJ&»BGaNfl)**lli*C4*l«. Lfctf^T. A! 
GaNJHttt9l-398 0ift**QiAanTU*^, BiftSi 

AlGaNJffflO. 2~0. 5 «nifc I tt±i 
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[0 0] 0] >7'?v5tf±£<>±- 

igtfKHfc**sn**bir>£fl:fc*"r. 
to o 1 1] a*€fttnn vKfcfi** 

r-s^ftawtfe. b#u sfc^f'J^AJi. u-u 8 
cB&r. w^-f*. ivi-fm 

[0 0 121 WJ'JABM; H^tvV^S. 4 e 
Lfc±5KSafi»3fc**«*mfcbT**Jtt»**. S 

[0013] *<fc#y$2»*WMm©s*£bT:ii, 

•AST. L^tSfttf'J frAJMWfc©** 1 ***^ 
W*8#.KSifllhE£i£ (MOCV 

dm -ett. ui«WJiUff«t*ifiitt«* t i*6*i. a^iats 

2< v^w^x-aA*****!*-!*-? r -T TA*. * f 

[0 0 14] Ld»U ^T-fTt^t^'J^AtOTfa 
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5 

y ^ + - 7-# L < < tt * - 1 *«» ^ *l 

PJAtfU— tf^-f*- Ga,-x 

[0019] enijet^roa^'J^*'^** 
r-eliiSA 1 UU«(DA 1 G h NH£* 7 y Fffltt£ t U 
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A 1 G aNrtaJSSfta**™*. A 1 fcACtt-J** 

fgCiOAl GaNJHfc*5*03*«5eil:**«>*W 

[0 0 2 6] *a©S-»WBl-.fiil»^fcW"^< 

[o o 2 7] *r. ss#*i (cm-r%^«. as 

c m- :, 0S{b^'J OAftJlbK^t Lfctf*d . tfm©# 
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IngN/ (x+0-02) 
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[0 0 3 2] B*Jfi3C»ji>T*»Wtt. 

fclSftHi. tettJBlCie&UT&ttbttfcnSJA 1 Gh 
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G a N R t K .fc-a Ti*!tlfljW***l* * 3 KM* *l. 
*VP. ^WfrJrtOA 1 MSnifiA 1 GaNJHflA I ft 

to 03 3] :oi54«tttattfc:ti:J:i). a& 

Ttt. 1 K»*ra«iWtlHI«tt«!ffl»*«:*t" 

^WfrJHOA !«jfi4n'HA I GaNJPfCOA lift 
b£<fc 0 fciSKLfc £<*:{.: J; D> v^i'^AWJBlCJ:* 

TO 0 3 4) W*/S4t»*Br*5fiWi. JJfc 

fc. a«tt?J«**H*««tttHlza*t6ii. j8SN rtI 
cm :, <O^A^JjD$n<bifclC. A 1 JsftbExAtO. 0 
2fi*Jtl«Tt«:*J5'*cl, /im^Ga.-x AI»N£ 

Nsiv ti/SENi. H » . jp*d.fttfffi*d« tOMfcttT 

[0 0 3 5] d, / (1600Xx) <<!* <3. 2 X]0- : ' 1 
ogN' / (x+0. 02) -1-0.02 

K' (cm : ') N,i>N h «i N' 
= N*h,-Ni.«» . N„SNta« N' f±&&2)0«) 

Oa,_, Alx NW^tt/W^y^^FU^UTrfc 
5. 

[0 0 3 6] £C0J:3fc*tt*lKfc-MMb#y$A*1* 
«»*ri=4JUTtt. Ga,., Al. NlBiJitf-troifi 
»«5JHtJ3(r»T. Ga,-x A 1 H N<7)jy*£?ST3 C t 
fc<*9v*«Me4fcl»<::fcat-C*a. Lfcilof. 
d 0$<t # U A * 7-1= ct fJ »3t^ f *- H £ 
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Jgb£ L fc i §■ ic f3#j<S*5tt£>[6] J: « I* * C £ AH? * 
■5. 

[0 0 3 7] S&C*fc, gS^JHBICttjEtfftJISWt*. 

10 K, Al*U*xA»0. 0 2BlblBlTd:<c*tf*cl a u 
mCCa.-K AL NtiijiEtffc** pW?v Fflfc 
Al*riSx. t8SN MM . ¥*5ftR0>-?**3"* 
£.BffiNi. H , cm"', J?*d t RUtJS*d a tOWUK 

[0 0 3 8] d . / ()600xx) <d« <3. 6 xl()- : 'x 
IobN/ (x+0. 02) +0.02 

^^T?, Ncra- ; 'll, N M „>N„„, <0*^. N = N m «- 
Ni,ki . N„ M ^N,«, N^Jl^SDOG a ,-x A 

[0 0 3 9] ^©J;-5«c*blHfe»»*fcCtKJ:»). ft^ 
[0 0 4 0] »**6K^JSr<&5fiWtt. 

[0041] jLoj^fctiWceaai+fc^fct^o. ^fi* 
Ttt, * * p « t fPriE** fc» ® t •> o A 

tCUfc. Lfc75 5 -j"C, n-A I G aN^^-y HJSK*5lr> 

[0 0 4 2] *t. Z8*«7 K#*T*$M3tt. fifii 
tf**vV^b£&attfc'>ft< tfe 1 m h«>A 1 G a 

Nat. a*tifi*UTxi;^*i'*;n*fta*&*tt 

< t %> 1 JHOBlJfKWJa, KO*W*G a Ntf 
'>tt< <hfc 1 mSk I:© A 1 C aNW»BJtf©«ft!l«aiR 

so [0043] ^wi'SftWiiiiftaiitfcctcjiD. KJte 



«R¥9- 2 9 3 9 3 5 

10 

I o o 5 3 J ( 4 ) matf«±trtf Jis *&t»iii** 

©Sffctf'JSA*****'!'-. 
CO 0 5 4] (5) MidJA*KftUTxe**5/^n'hE 

TT-*«.t:sd (4) sdaroafctf'JSAJR^w***. 

[0 0 5 53 (6) (WfcffittHttU-ifrtSi^^Wl* 
2nT*S0, toadn*.*$vK*Cli 1 O^'cm-'^i 

[0 0 5 6] (7) fflgdtfftiKTJdtftStffcWa^ 

<ttrt*7TJH&0*:r-*»*fe8ttUU ttft*niO* 2fl [0 0 5 7] (8) MfcSWC*l/ti*lft4*fcrty V 
[0 04 8] Lfc*«o-C, SA 1 *0*©A I G a NJff* [0 0 5 8] (9) H*&i?St*Ri2W— tf»«"lffilc«ll* 

{frU-lfUfc^-Oi, fiL«l>«0*46f, ftlMtt-t [0 0 5 9] (l 0> «kftilSttiWttW-ifft«»fttfc« 

|ft|±-&L»***JW»**t**. tfSft-C**)* ItiMpWyyyHWOAiaUfctmftln 

[0 0 4 93 ft*. ±ai.fci»tt**ilW-a*»*UT l«*7-yl < ff<OAl»*J:0'b?S<Lfc»jR«6*!*<» 

«. ±S1*»<0*1, BlF<OlWfct>att. 30 flffctf'J^A^NSMMWWB. 

[0050] ( i ) Msdftttiff * Ktnfo«*w* flfctf [0 0 6 0] (in mtm ftM tft^*yH«t«oia 

pffSdnP.A 1 GaNjm±We*l*5-v KMfcfcU ffi fiMdiSttHitmSJ? ? "J b'Ht© 

aHSttrntftf^y FJHi:©|BIO'J><c<tt,-»l=. fffi +l«(fifc/0 f^Y HH**^ » 

+:i;43t*«i#«iwts*iiETrft»*«2»at«aft* tooei] (12) s«i:teTj*A*-«-fcxfc!**-> 

[0 0 5 1 ] (2) WttlSftJWfttttrWal^W^JHAtf t% 1 HKU0A 1 G a N**»*flL. -OA 1 G 

**-r«3t#-r «rea»*K KWwjtfSiiw ro o e 2] <i3) wtt»*t»tTa*t6ftfc^^ 
»»«ftBar*cfew^5-/ khoa i 77«t. ttAiastaufcA 1 Ga nWfT^&a 1 g 

a^t±0*X«3^W^*it'fc«BiE > r*»*J»3W aNHCttLT. fcU<tt. «KA I Ga NH-ptKW 

[0052] o) >et«m?r«K«j4**ifciis«:jH tft*r* u 2) sa*©a***tMtft»¥*» 

3 fcB»t&fl. A^n^WftiTr [0 0 6 3] (14) itS!Xkf**f +A«fl«iNttt* 

6&»05n«+HftO*i:. 1 O ia cm "BUtW^tt* SO ^fc*ttSJ:Katf 6nT^*i:Si ( 1 2 ) sd&<7>£# 
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JJJ 7 lew*"** Jfcifl©a<fc*f 'J fJ A***** 
Ttt, A 1 GaNIS©«#©&fli#xe**vV 

[0 0 4 43 ^*ltC£D, XK^^xt^^SETS 
ft^aftftAl GaNJBrofcfltlNBCitfT*. *T 
*SKJ;&A 1 GaNJHfc*m**7y*»±**l»lt 

-rant 

[0 04 f»3 *fc. tt«t»l^Titt»t6iifc/<'y^7H 
£ »J . Stt t *<t# 'J # A * fc ©*«* f<?&£ £ 

[0 0 4 6] ^ H B uGaNIS^J:^T, *EWfc 

»Tfitt**A 1 GaNHWtjOTftSttftrottTffiK* 

*. 

[0 0 4 7] SblC. i(0*tefflGfiNWl SISfeL 
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[0 0 6 4] (1 5) Wlti&fcW ? yftTS«±fld 
(J 4) ad«0*#e£tMK*«*«##*. 
[0 0 6 5] < 1 6) fitlsrfA I G aNB^A 1 t&httf 1 
0%«l-.T"**±6ii (I2)-(15) <D?*>tot\MZ 

[0 0 66] 

[0 0 6 7] tf7 7^7«*l:l=Sfl::tfU#A*0>JH* 
fl-LTt&£*ft<5C a Al, NKti* teT-^Sft© 
fc*. fc*ai£xK*t»T#J5T*0?'y 

,.,AI, tC0>xTft*>*A I lBl^S</«£«>CL,fc* f 

[0 0 6 81 »fcfc. C©«MJtt*5e9J#*®3M*Tfe 
pj9i£ftT*59. Ca,-x A I, NJH©SWft»<r* 

*. 

[0 0 6 9] *fc. *Ji29?SSLfc. G»,.» A U NJH 

*«a±4:W!WT**C:£«:JtlIiUfc. C©«Wfctt. ft 

[0 0 7 0] o£"3, Mg6P-7lfcA I GaNH 
tt. 7> K-^*5k»US I H-^OnflA 1 C aNi 

Tlil x 1 0 ,0 cm- !, *>6 2 x 1 0 2O c nr :, ©luPrCi: 

fc-aTV**^**. M r h'- yL-fcl»KG a N, 

A 1 GaNa&ffl^tfnSJ-aiftflsl-SZi^S** 

hT*»T?*9»f »««LTV»6. £*>*»Te**. 
[0 0 7 1 ] Hi f2*gma4£tt«>JBtt0iaAl£&£n 

[0 0 7 2] Ml £0)*tt«M&fflj£5tt& 

KfcHTtt. -ti5tS<0j)£fl£$S 3 0 1 tf)*7^XD 3 0 
2rt*SHfWXfcttl&U *X»U1I13 0 3 



ftg5l¥9 -2 9 3 9 3 5 
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■fe^y 3 0 4t4JS5WjS«J!!l8flt3 0 5 £ <fc^TJ)D&5 
ft. *t"/?3 0 4fl)»SB 1 W»l8*t3 0 BlCfcoT 
«te&tflWW2ft4. S«3 0 7Hif-6-7'*3 0 4«>JL 
fc«S«Ei*ft. tt)SS3ft5«IMc4i:oT^5. 
[0 0 7 3] CW-fS^mKWafflbtliJSjB^ffl^. G 
a , „ A 1 x NH©*U*£KWfc*lt*«*U A 5 "^ 
jr* ->«> i» *> L < tttt* «»Jin a t« * *£* L fctt»* 

[0 0 7 4] 123 21*. vy*S/9A*863WL&**^*s 

« ± t o>m& s^-r ht? * & . 

[0 0 7 51031*. tt#**JllLfciafr»C*H'*. G 
a,-* A I* WR<0&.blJkV&)£t. *9K*a±tO 
B8«**TTiaTfe*. 
[0 0 7 6] fcHfcilHT. KWia^yfrWfcSLfc 

Btt 6 ftfc«ft fta*"**. H 2 Idifttiftlttll* ©^ 

^AaSf±5x l 0 ,H ~1 x 1 0*" (cm- B ) ©*5WI*9 

Wfflftl/T* *) * fii*»oa#atfEB 5X10 ,v - 1 
x l 0 (cm"") ©JEWISH 
[0 0 7 7] -7^*i">A*L<ttil#*»flrt-fttf, 

^ y *fte^-riia<tfia'e*5Ga,-K ai, mm 

[0 0 7 8] *Jt. 02. WSTJIittCRSU*^. 

W*i»*tt**<. Ga, , ai, xwvTi&tnmn® 

iC-C^iTltOJBtV^WH:. Ca,., AW NJHC 
l«*B*L-Cl»*W=IH*9i". G a . « A 1 x NWKtt U 

40 i- x A 1 „ NJH^'tSftftii'b**. 

[0 0 7 9] COPJjiW^-^TOOt ffiOIII- 

-C « t g(<tt«>3«/>£Tli/.£ I »^ t ■* A. *b ft * . 
[0 0 8 0] *fc, ^^WtT-Sfti. "Fift^«>7c*«ttl*» 
Ga.-. A I. NHO^^-yi'JfeStclSlffiA^ait* 

[0 0 8 1 ] ^ESlrCa,-, A I. NWS I n 
l( Ga»N (0<x<l> tO^'&lCcfcoT^^ 
50 T Sffl>!c-riJ&^lZ«. G a ,_, A 1 . NWA 1 ifthEx 



[0 0 8 2] Cil6©**tt***^l'* ^'* 8t 

4 sr. 

gttGaN FlfiOCaNtirr*) «>B»*A< 

£ft-f*<!:> SSGaNiCifiitiGa,., AU N 

SttfcJifcC a ,.« A U NjH©x*3AtlWW 0**W 20 
[0 0 8 4] atftbliSm. G a , > A U NJH**B«T 

fc. 

[0 0 8 51 xiiRUGa,., A!. NJH®*fc. Ga 
AU NlH* f »^t*Kitfi«*^»** il * i,::,fc 

d, / 1 6 0 0<K da CO* 

■3*0. Ga, . AU NW«#*«*»a«KW±"C* 30 

[0 0 9 0] TJ8l0>GaN*SWiGa 
,.,AI. N^©*»^**«»*^tt*»* Ktt ® ,S 

[0 0 9 1 ]*K. *?y*©R1-£**a>tfHfc^ 

Htt*€«>WC* « ' fctffcd"? fc. 
[0 0 9 2] •74r*^CA»4l'M3it*t:»lIlT 

0 TJttWGaN*lC*3^5Ga. . AU N 

fft*>£Ttt<DGaN*£C a,., AL N + tKKffl 
ja^-Cl^tl^-^"?**- «£^>f- Ga,-x AU 50 
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[0086] J:«:a*ott*. xtf**^ (A 1 

5, Ed6fc')iT. 

[0 0 8 7] 12)412. CaA INHiDWaRtfAllllW 
iGaN|R<nJM£©H{M&wTHT*»J. ttStt ' C 
a A 1 NJB<nJ5*R^A ' IRJJJiG aNW«»Sfc©M 



[0 0 8 81 pg4~®6«M^tl:7-f'yr^ 
Wf*. fft*>*. G a i-k A U N*WB«T¥*W» 

*ftd, (|im).Ca,-»Al I NHWM«l 
* (Mm) tbktt\Z. iHh'«3M«* J ** ::t * ,b * 

[0 0 8 9] 

wrc* ? v £ w ihjft^jftwrfi a. 

[00 9 3]-*- F»©0aN*O** f !*i'^tt** 
«Sft-3»ftK:l*. C a ,-» A 1 ,N 

[0 0 9-1] E7£7?*->OA£^J0U-Cft=>ELfcHt 
»K*Jlt4. G a i-x A U NH©ftifcW«Wfc- * 
? .y £ fc ©W« * *tT HT * * . 
[0 0 9 5] RUB. M*0-v?*>»>A*»>K«>K** 
*ftUH 2 C*T*Rtt** 6 • ^ ^ * ^ "> A ** 5 * 
10'" (cm- : ') ro«ft©»*fttli**^^- * fci5 ^ 

[0 0 9 6] mfl«)«*J:0 4»7V^«>»'fel'* li *'' : 
*BcJCftT6. Ga,-, AU NlCV^t^>^A«JH 

ftllG a , „ A U NBBJSlrt-. WRtjStl*- t^WB 



(9) »M¥ 9-2 9 3 9 3 5 

15 • 1» 

d* <3.6 xlO : 'x logN/ (xX0.02) +0.02 - (2) 

T?ft«. CCT, N (cm- :i ) B. Nv,„>N„ Bl <B« Ga, , Al, timn&)&&VBtoL. * 



ftiaGa. ,AI.N (0. 02^x^1) 5)7^^ 

(2) scjSfrto#.^ct*«wa4*ir^*. 

Idtt. Ga, » A I. N'l'O-ry^i/OAaSNMK^A: 10 
(d, =3.6 X10" :, X IobN/ (xX0.02) +0.02) t 

ra«* =j -r h 2 t-c t Ffcrn* 

[0 0 9 7] -7J, R8tt. J**t»iDLTfr-*ELfc»» 

d* <3.2 xl0- :, xiog N' / (x+0.02) 



[0 0 9 81 MRU. f**a*i#SftiB0a8£frtf[!a 
3IC*T*»*S*^6. «*ig&3x 1 0 ,H (cm :> ) 

[0 0 9 91 |SlPI<Dtt*J:D^5'y^©»'b0ftV»ftfl 1 

18ftfcM\ Ga, « A Ik N + <Oa*iSffiN.i (c 
m s ) i. TttnGsNf^aKX,,,,, (cnT :i ) 



- (3) 



id?, N' (cm") U> N»i>N h «a Wi§ * 
fc. N" =N fcl -N,„, . NoSN^ <7)ig£. N ' & 20 
&JjU<75Ga ,-x A 1 „ N (0. 0 2gxSl) ©ft*© 

a3fc*rt*frtt*«IS«>«ftT?t>±« (3) 5W' 
ME»)A-3Ct*««S*S*l-Cl»*. WtWlCtt. Ca,., 
A 1 x N+«>«#»BN».©** (Sl-fcUTH+fc** 
n*7W 7 7-f>^7-f> (d. =3.2 X10 :> xlog 
N ' / (x+0.02) +0.02) & >©ftBM*H 

n«. ■7Y^-r^>y5-f>ttF»i=»»rfi. 30 

d, / (IGOOXx) <d»<3.6 xlO-'x logN/ (x+0.02) +0.02 

... ( 4 ) 

urT. N (cm" 3 ) tt, N„ H >N„«, <Z>J8£r, N = N 
««-N lm , . NM.SN t „ NllffiffiftlQCa 
A 1 « N (0. 0 2£x^l) <nvtf*i,Vi»o>r< 

[0 10 3] Sto*«toa«ffc#cM»*EM: (1) * 
d, / (1600xx) <d* <3.2 



, . AU -X&n&Zt. Ga.-xA U NK&tfTafi 

c j; * «itf<oa*T "b ft ft % n-r . £ ? 

SJT*fcA<Z>Ga Al, Nl&J5d-. (OffiPfltt. If 
*x-7/>&fla<Z)JS}ft (1) <2) ^cfciD, Ga 

i-x A 1 x N*00T^>"7A»»fiNM M (cm"") tT 
a»GaN«f©V4r*^9A«aN hH i (cm ») 

[0 10 2] 



lit. N' (cm- 1 ) 14, n„i>Ni„,« N' 
=»N,.i-N,. B a . N.-.^N^ N' 14S58SJJPC0 

Ga,-* AU N (0. 02<xgl) <D&£<7)/iv9 

[0 10 5] ±Bd*SCTM^9'' <" ftfflt»T& 

[0 10 6] dcOj;^Jc*^W^ffiro;^fz«a^ 
<**T-t*n«. G a i-x A 1 , N*1-jdc»fr*lrte: 



*2C3i^ (3) ^<fe>9. Ga,-« Al, Nt^MN 
(cm"') Titt<OGaXf«)ft*aSN,, Ba (c 

[0 l 04] 
Xl0 -:, x IorN' / (x+0.02) +0.02 
- (5) 

^A^ttlCOG a, <Al*N(0. 02Sx£l) JH0> 
J5i*d 3 (urn) t. »ritxtSlinS*lfcvy**>»>A 

Jf&rSWttfcHO-^^tfAaftNb,,, (cm : ') 

tcoiH«*« (4) *€«fcUT^ntf. ^»^:*'B» 
^tiT, fro 2-? -j ZwfeS.n&z Stt.^QitiiV VI* 

[0107] *fc. ^wwwjettojsaR:****** 

50 ^!CJ;n«. C a i-x A 1 » N*IiiE»tt*JB*StT 



(10) 
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o,, Al, N)3<BJ3*d., dim) SUiExfca&Jjn 

m- :i ) tOWI«d« (5) JCfc«fcL-Tnntf. :*©£ft 

[0 1 0 83 £©£3K#ft*«>*ie«>#tBK** , N» 
##^ICJitltf. G a i-x A 1 x NJrt*«fctfifitt©JBC 10 
»lf»T. Ga... AU NJrt©JP**»< LT. *87-» 

< . *of£*-Ctt? ^©SSdi-frSifettTt)* ^ -y 9 
©J84SWIHT* 5. l/fctfoT. ffiJt^-f 

if-^<*-KwattB«»»©*»ftfl:, 
Ttt*<fc©»T#ffc*©*^fcft^T*sfljfc3c&a 

[0109] (t« 1 ©«*©»») **»<0»»ftt. 20 P«C,aNW4 0 6*T?*ofc. 

LiUJimStlfc (1) dtfctfXtt (5) CO 1 ) 7] *t. WiB«™««R«ti^T*»l, 

Btffll»TfWStit. W&tt/f*>xy*->ittC.fct>-C. fifll0fc*T.fc3K 

[oiio)H9, Bno»tf»nfc. *%nn©$fsi ->xwN©-w*tt**iio©n'w©caNrt4 o 3*r 

[onn ai©«ffl*S*Biai;isv>-c. *f**AD [oii8]*K. lea l UdVTJ:^ n«OTli 

3 0 2*-3***««lxfc»«&3rttt»oa*B3 0 51- A 1 ©ft*©** 4 0 8i^pS«l!StAafflft<fe 

a*tB8»U. *-fe7*3 0 4©JiUBUfcJ££3 0 ©«&4 0 9$Mlfc. «C»ttfflfttTa5 Ci*< 

7. TftfcfcM9fc*tt*1r7 7f 7tt«4 0 30 n«. p fl#fcj!lt!f**— Att***»3iLTt»* - 1 

U »a«3 0 6«ffl7S*»l 2 0 O'CKftii'ScattS &0ia2L£. 

Lfc. »S»3 0 6©ffi**¥fc««fc*TS. [0 1191 » l:©«fc-5 lcUTffl*Lfc«)fc^-r I' 

Z©8l*Tl 0»ff»LTA»6iHa*6 0 OX^TT «. K*OCaN«4 0 3tt4»m©W*^M. Ga 

tf» **Ufcfc;i3TMJ**;HtfU'5'A (KKTMG .-, Al, NJR4 0 ott^^S/'^SftlT. x*tt 

tlST*) iMJ**^7;V3=£A (&TTMA<!:!I& 0. 15. StWiO. 3;imT»4, *fc, 2*1*> 

Al,,., N«y77-W4 0 2©*Mft3 0nmf7o <4) *C*tt*!W*l . 2X1 0 l! 'cm-'W. 

fc. *©&• TMG£TMA©tt»£#itU flL8£l N„ Kl fi«'^^f>Hl/^ (1- 0xl0 lc cm 

[0l12]*UT?. **T#*iUfc->5>#XfcTM 40 >'<0«t*ttB;. 4/ (l 6 O O X 0 . 15) =0. 0 

G©flt«fe»46l,, ft*t6Jn©n'«GaNJH4 0 3*4 1 6 7 tttO, tl, ©fiSO . 3£TRr>-0>*. 

ttmrtfiS-a-fc. *©*. TMG. S^>©«»*fMk [0 120] (4) ^6^77*011**^1 N Mk 

U iSL££ 8 OO'CirtrRf. UT^bTMGiT >N hKl T?**©TN Ntt, 1- 2 X 1 0 "»■ 1. Ox 

M14ML. fc-Jl3MfcffljStfcTMCiTMI©7 10'°=»1. 2XlO' s TSf). 3. 6XlO- : 'X 

OSWtM#FS!n„ „Ga,,„NR«ISfiIn [loud - 2 X 1 0 ] / ( 0 . 1S + 0. 0 

a.:.Gao.uuN©2 0'Vrjfc&fca**a-i 1 #H (M« 2) +0- 0 2 = 0. 4 2fcfrD. d*©ti80. 3 ttC 

W) tt»fttt«4 0 4«rftsj*Ufc. TM I ©#M&*fflk nJ:0tt^wfc*<*B-e*fc. 

LTfrSittiSt 1 2 0 OCtRL. ^Lfcl5ffTk'Xv [0121] *&. £©*3fc)'£*8ft*«M'Ufcfc- 

jrn^>^s;j;=^Ty*j">A (arcp, M«t« »**«©£-* 2 0 nm-rfco. 3. «vt 
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Ga, „,A 1 „ , S NH40 5S0, 3/imj41i4tfc. 
[0 1 13] 8EHT, TMA©«»**MkLX*©** 
T$f*:>'7A*iP©D'WC aNR4 0 8*1 ;£mb£&3 
ttfc. *©*• Cd, Mg©ttl&*fMti"*tWI»K:* 
*?«RLfc5'7>#*fcttl6LTn*l©GaNH4 0 

[0 114] *©fc. TMGt^9>3tf7.©«»*ffJt 
U i«JWttllDlft*Sl3 0 5^©3ifi«ftfi ( ihLfc. 

Ufc. 

Coi i 5] j£&#aa o i4»5n!ioiuufcf x-^* 
K&LTfc. »»«ft«flS«»©/'«^->M:Jl6tiJ5K*» 
■afc. *fc. H9©4UttTiJiai^!«T-»»*"C«*i** 

[0 116] ei±©J:3t:LT»*infc«?x-/N©4i5I 



(11) 
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fc. JSJtS&^tt^SBR^a*"? 1 3. 4%i#*ICSH 
J»4** ! *ST*fc. *i«4 OmA KT, dWR^-f * 
-H033?«a«ttt-afctC^» 1 0 0 Ottfflft&ft® 

[0 12 2] iWASC^RHO^lROJKffiCff*** 
IfcRJtefcT-fcitUi. (4) «<0»f|:A<fcE»V."r*<t5C 

6. 

[0123] (fti2«)fttt«>JI*tt) *3Be©#ffltt:W;. 
±aJtUl**ifc (4) AJktfXii (S) a*Jf»fc"r*ft 

*Jttfim*8ftKR*HI^Tfr«*iafc. 

[ 0 1 2 4 3 123 1 2 . P9 1 3 . 13 1 1 5 tt. * 

(0 1 2 5] HlttS*ll«ft«»lc4HiT. *'^*Ari 20 
3 0 2A»6***«»b»3fl**ifi«»ilP3»«IS3 0 5fC 

K*U 2 0 OtKfcSJ^KSlSLfc. C«?1*SB?10 

J5TTMG»J;tf7>*~7tfX00«&*H*eL, Ga 
NA>y77-H5 0 2 0>JbX£*4 0 nmfr^fc. TMC 
rottlBSf?±U 1 2 0 0"C»;H±#S*fc. 

[0 12 6] *#T?&8{Lfcv5>;tf*£TM 
GflDfttttBltol,. a*t8Hnron*lGaNJH5 0 3*4 30 
umjiEfta-ttfc. *«fft. TMAfcBJnlilW&U n«H© 
a#aS»tf)Gao.rtA U .«N»5 0 4*0. 3 «mb£ 

SSgiJ!jncOGaNlS5 0 5*0. 1 w mj£M£-&fc. *k 
TMG. 5/?>©«]ft£f?lI:U Sia*8 0 Of*TT 
W\ **LW6TMGt«UBL. f$S£*5 C a N * 4 n 
mlfcftatffc. 3ie*3£i*TM I fcj&j&oTfcUfcKJ^T 
JfFIF/I n«. ,r,Ga„. «nN*2 nmbfcfiS-tffc. dWRs 

#r (MCJW) ttffli&ftW5 0 6fcfl!JdtLfc. TMIfl) 40 

rfrTCpa MBfci6»flt*SU. p$?GaN5 0 7*0. 
1 iimJiESattfc. 

[0 12 7] *lCTMA*i£J!lDfft$&LTV^^>'OAtS 
JJ10p«Gao.^Mo > B N^5O8S0. 3 am»£& 

*vtfAt8ttlC!>p«WGaNJH5 0 9*l uradEfia* 
fc. 

I0l2 8l-t(0*. TMGtCp,, MB©(Wft€#Jt 

u K^K)[jLs?s^ia3 o s^ia^^^ihtfr. issa* so 



8 5 0T;*T?T**ofct^^"e7>^T©«»ftfSt|k 

[0 1 2 9 3 *lcWiE«^lH«i*«*l=.fc-3T*BLfc 

S*Bfi^6n'WCaNPl5 0 3 *T<08sSi*iSKU"Ci 

3 navf * 5 Oi-/N«)-nB**6**Jbn« n «G a N 
JR5 0 3£TftSofc. 
[0 13 0] ttHT. tf'M 5 Hf> 1 1 &fflUTt£l«K 

c. ->x-a±**iwo p - GHN«aait»iuai*fc 

CRl 4) . -tro±tis i O, ^5 1 2£7X9i:ffll-> 

a*»*nOn«GaNJH5 0 3 *T*-3!t (HI 5> . 
[0131] Z(DttteTT i fttf A 1 (OHWnW 
£»j£U S I0» «5 1 2tJftOI»l»-C*6N 1SCX 
A u CD£&<3 P WfctJjfcJWJtUfc. «fc*bG3*t?fc-5 

[0 13 2] «U«JJ:3KLTfMlLfcl'~ tf^-f 
K«. Tifi«GaNJS5 0 3H4nrnCOJft«.^fcO. G 
a,-x A 1 » Nfls o 8fiTir*i/'>z»*Mrc\ xti 
o. 15. BgJyiiO. 3wmtfc«. T*S#G 
aNIB5 0 3 £G a A 1 x Nlg5 0 8 £cr>V&&T' 

(4) ItttSSHStl*. 2*-fsi->na4>WtJ:*^* r 
*5/«?AS*®«)t*&*d*6. 2Xl0 ,u c 
m- :, T-*0. Nh»i tt/Xy^* r 90>Hl' > <;i' (1. 0 
X 1 0 "'cm : ') Tfcofc. 

[0 1 3 33 UfctfoT. 

(4) 5CO^©»'Ji*fT-B. 4/(1 6 0 0X0. 1 
5) =0. 0 1 6 7£fcO. d> <D<£0. 3%>"PIoT 
^•5, Nn«>N„ k . N 13 1 ■ 2X1 

0"'-l. 0X1 0"'=fil. 2 x 1 o ,!, -r&o. 

(4) ^«^7 7i7 056*.*ft4t3. 6Xl0" : 'x |1 
ob (1. 2X1 0 '•'')]/ (0. 15 + 0. 0 2) + 
0. 0 2 = 0. 4 2<hfc*3. d a OM0. 3tacncfc>3 

[0 1 3 4] T*«G8NIH5 0 3tt4«mC0Jtf 

^»?S> 0 . G a A 1 » NJH 5 0 4 tta#»lmr, x 
mtO. l5.8SJSrtO. 3(iraTft4. lit. KJfi 
»GaNIH5 0StGai-« Al. NJR5 0 4fc«Mff 
T (5) SC**Bra*ft*. 2*-f*>fla*J««fK:J:*JS 
?!4ffiS«)aii|iEteS:>l 4t J. N..J43. 6xlO"cm J f 
«fJ. N b „ a fo/Ky KK/U (3- 0x10 



(12) 
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,7 cm- : ') 

[0 1 3 5] LfcA<oT. JiaiB«Taa«-CJt(i«l6 

(5) jMtftOR*-**-**- 4/(1 6 0 0X0. 1 
5) =0. 0 1 6 7fcfc*J. d* OHO. 3£T1=I?T 
H*. *fc. K,i>N*« -Cft*OT. Ntt3. 6X1 
0--3. 0X10"=3. 3X10 ,K T?$>D- (5) 
jC0)^9^^©«±*fl ! tt3. 2X10" :, X flog 

(3. 3X1 0"*) 3 / <0. 15 + 0- 02) +0. 

02^0. 3 7^1. d*O«0. 3!i;ift<fc>3ffi^ 

[0 13 6) i<Dj:^fcb , r«tatfc?Sttl"-i3 , ^'f* 

5. 0 vco^l£TT7 5mAO^i>ii* { iJit*T- 
[0 13 7] *E. ^WttfigTS^-CsiSc^^tTL. 55 

[0 13 8] *SM©#tt*Ki^fc*»»*l*l« 

<o-»-7 7-fra*j:u»st*<m*3nti^-if*To 20 
i»fc*«. »ftni»iaai*3Tr**3fc. caij^K^SiS 

W/glg-Cf^Sbfcnfel'— t* W£*rcfc<0«fc 

[0 13 9] £©J:^lC*Wn©S16©J»aK*Sl*W 
fc#^K.fctttf, (4) 5t&tf (5) AQUitUfiti.*.* 

J^jHIiSiifc (4) SC&tfXtt (S) 

if-^-f HUH 1 K 
[0 1 4 1] ai 6. HI 7, Ell 8&tfi231 9tt. * 

10 t 4 2] HI 6C«^T, -tf-7y-fT&«6 0 1 X 41) 
-?<DG aNA-y7T-M6 0 2 frb D*?!C aNJp}6 0 9 
.bE£*T<0 |-.tt«JB 3 ®8tt«>J*!fiaH 1 2 lc>ST«fr 

2 Mgi->7>^Xi&lSi3M, n*!GaN6l0£ 
0. 2 u mtSL&S^ft. 

[0 14 3] -to*. TMGtj/7>*XOtt»*fHH 
Lfc. 

[0 14 4] rtJWPasoi^ftlfcOUlUfc^i-At 50 
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[0 14 5] *lcWr85* ; f : aaaa*lcJ:oT*BU& 
fl«jH**>P*GaNH6 0 9*T«Off.*ftftKtTX 

*ft*«JBCpflCaN««09*T*oft (fill 



7) • 

[0l4 6]«HT, ff««5*»3 0 1 <*>«!> CUffl* 
X-A6A*. 7>t-7?3'X^L^/J^?ai£& 1 2 
0 0t:*TM:tffc. 1 2 0 0CCJll/fttMTTMG 
fcCoa M8«)«tt*Mi*U. p-GaN611ftU 
mtftiS*fc (018) . to*. TMGtx7>^ 
©ttttfcfflhb. *WiSJta»SfiB3 0 5^iS3S&<?± 
Lfc. ^S* ? 8 5 0r*Th-*^fetC>5T-7> i &-T 

[0 14 7] S lO, $6 1 2*TX*fcHIHfc 

JIJifliron*GaNH6 0 3*UW.->fc (019) . 
[0 14 81 iKDtttt-CnWJT i tA 1 OftfcOStt 
SJ&rilL. SlOi 6 1 2t*0M»^"Cji»6p*ON 1 

[0 14 91 GLLroJ^tcUTfttALfcl' — V-^f * 
-Ftt. T«l©GaNJH6 0 3 114 »inWtf#* , » 0 • 

1*0. 15, BgJSttO. 3 urn?**. CCT, TW!<7> 
GaKJrt8 0 3tGa,-« Al, NH6 0 8 i:©»«Tf 
(4) jtj9*afB*il«. 2*'f5r>«tt*>«Kj:evy 

XI 0"'cm-^t). N B «, BA'^^^I*^ 
(ixi0'"cm : ') TJi^fc, 
[0 1 SO] LfctfoT. j£ffiT5*^Bia«"C*6* 1 * 
(4) 5Mtft©R±*fl--«. 4/(1 6 0 0X0. 1 
5) =0. 0 16 7 tftD, d» ©*0. 3* KI"I-3*C 
H*. ±fc, N„„>N,.*, T*S«T?. Nttl. 2X1 
0'»-l. OXl0'"TfeO. (4) -AO*? v 9 to* 
*.*fl : tt 3 . 6X10 - ;, X [log ( 1 • 2X1 
0 ,! ') ]/(0- 15 + 0. 02) +0- 02 = 0. 4 

[Oisi] it, K*B.©CaNW6 0 3H4nm©» 
**»*0. Ga, , A U NH6 0 4 x 
fiSUO. 15, SSJSiteO. 3/tm-C**. T* 
£OCaNIS6 0 3iGa,-x M, NH6 0 4i:WH« 
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■c (5) **<afflSiia. 2*-r*>na*>*ri;:J:*#. 

#ajS<0«3E«*i»e». <5) aa>N,.H:3. 6X10 

N, 1B a WlyttfJOyVir^b 

(3. 0X10 "cm"") 

[0152] LfcAbx, ajjcfl^aaaTJistift 

(5) SC0>rt<OR**ff-H:. 4/( 1 6 0 0X0. 1 
5) =0. 0 16 7 ££et). d a <Z>«£0. 3TR-?T 
l>*. *fc. N »,»!,„* T**«>r. Nti3. 6X1 
O'^-S. OX10 ,7 T*IO. (5) xtcO^ 7 
£*ft-H;3 . 2X10 :, x (log (3, 3X1 10 
0 1 ") ] / (0. 1 5 + 0. 0 2) +0. 0 2=#J0. 
3 7ifc>). d, C0M0. 3tti*l<feO«V»Ct**#tS 

■est. 

[0 15 31 ^©Ji^KLTffeUfcSfeU-^-f* 
-HI=-3V»T. »2 irol«fcl/t» 

tt-efeo, te^£5fi2©£&©j&^©u--tfjfH L c!:Sj 

#**-£<fcnMt. (4) V (5) SC»*ft-*«A8a-r 20 
[ 0 l 5 5 ] (S5 4 A JBS) I: aass 1 a» %tl5 3 o 

»iso»as«)*n^nia9, si 2&^eii 6T^Ufc 

ffliEWlAl. ^";7 7 -i4 0 2/5 0 2/6 0 2in*f! 
GaNIN 403/503/603 tfl>ffllC»»»lC a N 

[0 15 6] *SjMrtM*l=ttafcA«£SHi 30 

dtitttBtt. SJgffifflinG a NJH*«E*ft*»-3fc«*CIt 
&. 

[0157] rro^-sc^Rwcj&teflraffifcflts-N* 

##TKJ:*i«. 1 a»5*3 ©'JtM0>»*fcl?(l* 

*s«3«**©»*fcra*fci»*£#r*«s. 

*. 40 

[0 15 8)«£^T, aftftlUaNW&tttJittt'M* 

[0 15 9] cn*T»^T«fc!ISlfr5W3©ft;feB 
©JUflSTtt. n *H D ' Wt-AttflMimi LTIKO* 

l=RSil*fc©Tfc<. ±««&t|.d*JttJi©*-Att 

[0 160] »l*'5»3©ft*tt«»J&fc*SV» 
Ttt. (4) iC&l/Xtt (5) aWJfctt-fcSettJK^KS 50 



&tfrt©5e4Hi±at*3Sn6*fc# U r > A*© "MM* 

«©«B*5ftBtLfcv>*ra-«** ©*HFKiSJfl-e*a. 

JEvvt>H**-y/*fi|fflbfci GH-/UI-. 

as^ #aa w ^ > ^ ^ « »ft:*fi tc sas r * * . 

[0161] (W 5 ©S116©/MB> **»©»»«;. * 
ftiiTKiiHT. S i F-7A IG8N^?v FH&tf 

a<. Mg K-7©«*fc*??*j&*«iiw£*i*5»*£ 

[0 16 2] ftWWCtt. Mg H-^WA I G a NJB© 
J^O^nSl^i^tiTVI-f-rSicOA 1 GaN«<Q«J5i 
J:0t>JS<f«. *©K. ffittHta^7i/KJRtOM 
tCSttfc)t#-f W'I3©J33, ftj£$0?<y 

3fc»wr*ttE© r.xe 

[0 1 6 3 ] 1232 0 tt*58W»« R ©3tti©JMglC«* 

[0 16 4] ^fci^liT^MOCVD (GtikSM 

[0 16 5] £0>ffe*»*U--*8iRKJ3V»Ttt. ^ 
77'fVMlOlll:. ftflUbfifi (5 5 01C) WGa 
Nrty5 7-»10 2 (JPWO. 03wm) fl*»»t6 
*i. ^okicSftt. siza (1 1 oot) -cjfiSLftn 
-GaN3>**hJ»l 03 (S I K-^. 5xi 0'« 
crrr\ 3/(m) , NI/Au/j^WnWSffilO 
4. n-A In. i,Caa»N?5'; MR 1 0 5 (SI H 
-y. 5XiO'"cni-», 0. 2 5 um> . £gB?# 
rfl|» (MQW) AtfJtJtf-f K«efitrtSttHI»l 0 6 

[0 16 6] JI©iSftMWl 0 614. 02 ltffKS 
*\K5C. J5S0. 1 <iin«G8N*6W3tif'f 

10 6a, 10 6 b£fj-t<5. -E-ff)ttpSH3 n 

mJSl«I no. , H Ca,,.H a N3Jrt*»6*0. /t'J-frWBtf 

[0 16 7] ftft^^U^-yttBK^^Ttt. iStt^? 
351 0 6 kfCp-A 1 ,,. i:,Qou ««N^-9-y KWl-0 7 

(MgK-7*. 5X 1 0 "era"', 0. 3 5/zm) A<Sg 
JtSh. a%tii-GaNWUc»ffli*-+--y/Hl 0 8 

5xl()"'cm ; \ 0. 3/im) . d- 
GaN3>**hWl09 (MgK-^, 8xl0 ,u c 
m _; '. 0. 8/im) , p' -C aNSSSIJSO^^ hfl 

110 (MgH-V. 2xi0"cm- J . 0. 1 it 
m) . n - I n 0 . a Ga„ « Njfc£fc5*8ESWJW 1 1 

1 (S « H — ^. 5X 1 0 '"cm M . 0. 2 5«m) , 
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[0 1 6 81 ftJ3U"7T<7»tttt (0 0 0 1 ) c m 
■5. 

[0 16 91 ^ft^-CiS^i^l-. SAllUifflA I 
G aNWfctt*flJ**<&0 9 v >>tm«>X±C*T». 

z.<d*w9 7v* « «** » u fc<^ ^ - * 

#<tfc«Ufc. * 5 ? * £ pT5tw:'«i: a l g 

a N D > * ? h Wtt£T?«9i*S»* C 

[0 17 01-ti. UdLfcJC^IC. RJIWBMgS 
H-^LfcA 1 GaNW^T^H-^&ai'ttS 1 F— 
70>n«A 1 GaNiOfctfO??***^"*^ 

£Lfc*5>>y^A<E£±U^&mi-Uid (1) ~ 20 

(5) 3ClCwiL&fflO"C**. 

[Oi7i]BJ2 0i:«tV-U'8Ett. £©MgKJ: 
* ? 9 v * ft" ik«* « & ^ ^ U * 

(4) 5t&tf (5) jtO*fl s «r*fct*>OT««. 

[0 1 7 2] »2 lit. **»«)JBtt«>t'— tfWn-A 

lGaNJ7^B. ffii*HfS»tfp-A 1 G»N>? 
•y FJHaflBfrOfiS*^™^^**^ 9 **'^ B 

[0 17 31 0?<yf fBSStl^THS i -A 1 GaN 

1 0 5 « 0 - 2 5umi»<U P^?yHHT SO 
3j£Mg-A IGaNBl 07(40- 3 5»mfcW»<b 

JSSCMg A 1 GaNPl 0 7fc0. 2 5/i 

[0174] **»w»ttcis^Tffsaatifcu— tf 

tt. L*V>4I8 5mAT£ffiii&5g»L*:. ^Mififite 
415nm, ftflsl8l]itt6 VT*ofc. tf2 0£*V*T 

1 lttn>Bfl)l nGaNeffiV»T*D. 5E 40 

*^*z<0«fitt«*tf<f rail"-* 

T»9, 7tttt4amtcS£l."C^*. InG 

aNHttftit? o o-9 o ot:<o»W"ei*ft**« »- 

G«N«*tfiHi + t9^Rl 0 8<7)±i:S lO^xt'fl 

HI 0 9feS iOa ^*ftJK0»l»fc*. Hrtft"C»A 
>HKll0ttMB»*E*tttS<Lt, 5i 
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[0 17 5] CWJJ-SC^SfiWO'AJH^JISfttW*^ 
2w>A lGaNJHfc^-yFHfcLt*"!' 

[0 17 61 (flS 6 WJESK«>»*) * 
7T <*fc£Wtf«J:C*l*a*lfc-*-'<' ^-f ***** 
*#7-fc»^r. S i H--/A I G»N>?7 PHfttf 
Mg h -_y A i CaN^T-yHWOWhRtaft^"*' ^ 

[0 17 7] MaH-^A 1 GaNHWA 

l«6R*nW**Wi7>F-'7'H<»A IGaNBOA 

tcDWKiftitfc^-f 

[0 1 7 81 1232 2tt*5gW©SR6W35lfi<0^®'-^ 

[0 1 7 9] U — «J , «jafcU"CBH2 0H?pf WfflftB 

i-AlGaN«AllRl«*lO*Ktt<UO>*. n 

7 v FFf^fc* S i - A 1 G a Njff 1 0 5 
tt, p «<OMg-AlGaN«l 0 7<»J9Stni:0. 
3 5/tmtlfc. <4) StJWM 5) 

[0 18 0] wC**^*^*?*^*** 1 '"^* 

3«tt58«Ufc. a«*&«4 1 5nm. i6ff«ULB5. 
[0 1 8 1 3 tfl)J:5fc*58W« < **« ) ** t ** J,i * 

[0 18 2] (»7flVjftt©»«) * 

«t#Mc*5i^T. S i H-^AlCaN^-yFJFi&tf 
Miil?-rAlCJaN*9?HllinW4tt«H'4' ^ 



(IS) 
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[0 1 as] ttttt. Mr F-^JffA 1 GhXJHOVI 
££n ^-Slater >F-7"5«tf>A 1 G aNJSO^WJ: 

Rttfcftfl-f KJPlWtf*, HWKfclt** 

j-:r* J: 5 assist r. JfcfcT 

[0184] 023 tt* feWfltt 7 ®%ffi<Z>JgttCttfe 

[0 l 8 5] y7-y£©5B*.b*"<rtiS ' - A 1 G a N 10 
H1U51J0. 2 5/;mt»<L. p«Q * 9 KMT 
feSMg-A 1 GaNJBl 0 7«0. 3 5«mt)7<L 
T^afiDttJfSSO'JiJSWJBfifclillCT**. 

[0 18 6] Ffc»LT##*d:fc*gS 

1 /im^M-f HIS 10 6a ftSVtTl'5*«. pM»±rt 

ftMg-A 1 G aNA*MQW|;*8UT^«. 

HPfl OKCiXl&fcAKn-GaNJI'n 0 3Tfl)3t 

<0*n«*f-f PW1 0 6 aKiO-JiarRfSiH-iftoT 

[0 18 7] **«OT»»t*l>Tfl;»atl&V— * 

4 15nm. ftf|£«U:H:5 VT*ofc. 
[0 18 8] ^©A-5t*»W«yd8fl5»»c:«*^» 

^©SBflii narjcftwrow $ * tfrife'*ttrt i ft 4 =fc o K 33 

ttUfcWC. » 5 fcra«Mc»*ft*TC 

fi*L 3t*f-r F W -5 C£T. )t*WJI'.»J» 30 

[0 18 9] *fc, **»WJ8ttTtt. MCJWfcMB- 

AiGaNWi o 7 tia««r stttftufc**. ^cor^i 

[0 19 0] (ffi8a£tta«tt) *»K<0J*£tt. * 
##^l:*»«->T, S 1 F-^A 1 GaN?7'V FJFlatf 40 
*i I; J; «5, U-if eojtBB Wafl* ^AS - 1 

[0191] -r/jit)*i. ^7v^om^i^<iaTft 

* n JROA ICaNK«U n «4M*)gMiK 1x10 
"cm-'HlO-fllftllSflM g *nP9fc F-^-f* c 



[0 19 2] H2 4tt*aWO»8©38IE©^»K«t) 
&. 

[0 I 9 3] ftfifcflfWttT^TMOCVD 

[0194] ;i«ff{6 , hW*u--"»f«ReiwTtt. -if 

77ftl)S2 0 3±fc. (5 n 01C> OG a 

Nnv77-lff2 0 4 (0. 0 3 «m) a*iS:tt 6*1. 
©iilcS^fc:. ftSi (l 1 OOtl tl.!tiltn Gn 
N3>??MH205 (Si F — 5 x 1 0 ,M c 
m-". 3«m) . T J /Aufr&fc*n««tt2 0 6. 
n-A 1 ,, „.Ga 0 . «N^» FW2 0 7 (Mg : 5X 
1 0 "cm \ S i : 6X ] 0 '"cm : 'F\#r F-^0 . 
3 5^mJ . £££7-#r'm>S (MQW) ftlflfctf-f F 
IB*frtMSttJHf«2 0 8*<attS*iTU*. 
[0195] ffittMfSB 2 0 81*, H 2 5 izftb < 
^t, J930. iKmiCCaNj'j^M^'f H§20 
8 a. 2 0 8 bfi*UTl»*. *-<D#F*HJ3n 

3 5nmnl n 0 o«G a n . oa N*»%*tfiS *U>. 

[0 19 6] if«Btt. p a 

lo i S Cau. w N?77Hfl2 0 9 (MgK-7, ox 
lO" J cm\ 0. 35iim) . d -G a NriAfcfiH* 
tv7M2 I Q (Mg H-r. 5X1 0'"cm- a , 0. 
Sum) , p-GaNZJ^frMrt (MgH-V. 8X 

lO ,u cm-\ 0. 8/tm) 2 11. o' -CaNiSiS 
gn^?? FH2 l 2 (Mg 1—7, 2X1 o^c 
m- : ', 0. 1 um) . pffiijmtS2 1 3, iSffifitA U 
Ga n . 4 Na4»%/J:4lffl»6ii*JH2 1 4 (T>1*-7 P . 
0. 2 5«m) £(B*.Tt>&. 

[0 19 7] ^<£^. -y-77-f 72ftili (0 00 1) cifa 

[0 19 8] @2 4l:*l->T 1 W.S5>ii*^2 1 4lcl±i^ 

3uml::fi*l/rn&. 7>K--/-CfeA 1 Ga'NttA 
7LTfe^l>. ifcZ n H--/G a NTtJil'. 

[0199] B2 stt+ViMwjsatflifaaw^wc* 

[0 2 0 0] *'JflK©»aTtt**?*0>5t*l'^Ti'» 
S i —A l G aNB2 0 7 CMg ftWB* F-^UTIr» 
5. J5J3Hp«l»i>7-y -A I GaNffl 

20 9tBli;<0. 3 5/imtLfc. rO«l*ftft'ttTf 
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A 1 G a N $ 2 0 7Kte, Mg#5 X 1 0 '"cm" 3 , S 
!^5XlO'"cm "H-T'SftT^*. Mg©**E® 

(0 2 0 1 ] *S;KWSttCiH»TfM4aftfct«'-1f 

4 1 5 hm. arfWUittn. 5 VTfcofc. 
[0 2 0 2] £©*3C*Bfl©*S©»i6£**'N* 

&L£©T, t8 5©9?Jffi©J&&£ffl$ft£&l:£^Ta;: 

[0 2 0 3] <W9©35*©»» i-.Sdtfi 1 ~» 8 ©fir 
**OT»ttT«. (4) *&tfXtt (5) 5tH<tO»6 
*ia»fMCa*a«*=.tTA 1 G aNJB©*7-v£5£ 

ffitt. A 1 O aN/a©JWStcO^.?u$:^xtf* + ->^;HH 
B©*»K±KU. IHflijfiaXBWftfrTJfcSttfA 1 
CaNWWfeWKftS.fc'SfcTSZliT. A 1 *M:ff- 

©*»ltT*. ~?±y). -tt^WSA 1 GaNStcLi 

[0 2 0 4] H2 6tt*«W©tC9©Sfc©#8fcffta 

[0 2 0 5] croffli***^— tf*B»=******ft 

ftffUi, t^TMOCVD (#««tJRS«1li££ili) C«fc 

[0 2 0 6] H2 6KS'*-«'7T'f *Sttl 1 h 

fc. (5 5 0t) TGwNA , v7?-Rl 2 (0. 
0 3 Km) Stf***. fcl^TiSiiS (U00t) K"C 
GaN*M^y77'-Hl3 (0. 3«m) 

[0 2 0 7] 3*>tC» *©JiK"HMCtf^n-A lo. is 
GB(i»»N3>WMRl4 (S i F-7* )X10'" 
cm- ; '. 1. 5/im) t, n-AloaGan.s.N?7 
•;^15 (5 I K— "7*. 5XlO"cm ,a , 0. 2u 
m) t, SttJB 1 6 t. D - A 1 «,. a G a 0 . =, N£ =j v 
YE\ 7 (MgH-7*. 5X 1 0 ,7 cttT-\ 0. 1(i 
m) fc. GaN3>**hMl8 (Mk K-7% 1-3 
xio'»cra-», 0. mm) 

[0208] -£* LT, G«N3>^ hWl 8 J:Ko« 
«&2 0, n-AlGaN3>9^hfil4±i:nM 
$1 9#a»*£*l"C. tfG*S#U— *«*£LTtJWE 

Sirstfctefta. ft*, sttwiei*, iooi->^ 

7> ha-A« I n„. i G a„ „ N*<fi<MA 1 ,,. . C a 
W2 6C*r#ft ; NWH'— VSE^^W**^* 
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tt. mo. 4 3/<mT ; $>£>. 1ifcAlGaNa»6 
ftStffcUTten-Al GaN3>?>7hJSl 4£. n 
-AlGaN*5-yKHl 5t. fcttJffJ 6 t, i>-A 
1 GaN^y 7t*<*0. -c©nijtJBWi* 
1. 9jumT?fe£. 

[0 2 0 9] £©<fc5fc**J5BJ»$©«jfiT?tt, GaN 
10 HCtfUT. Al GaNJHaW<* JH*jS*»tfT*$ 
EWfttt-P*ft»A I GaNM©t>©fcft4. 

[0210] h©*t*»2 7©*EAat*-r. 

ft o T * 0 , 1£«B iK#* A S ilfc ttJSt ft -j T t > -5 W 

©, t(tftfrffcfc»££+«-t&<- K*ia*»>*- 

[0 2 11] ft*3. CfU^&^CI^lOTt.t-) 
tCA 1 G a Nn#H«3B©£Ett&Jrtfc&*«»*&tt 

20 ftfclctt. 02 8 ©$S£t«]{c*T£ 5 CA 1 G a NJHH 
[0 2 1 23 til^T. -^7 7^ -^tttSfcflJ^TA 1 G 

#A-r* = t* J **i?*«. cnu. a i est*** h 

*©T, U-7yft2«. **tUiTSd , eiB'**ftMA« 
£J3 t © tf* A 5 * -j T t> i © G a N ffl © # ffi 1 3 £ o T . 
30 **l6W*<Dttttl** * - 1 a^Iffi t ft * * 6 "C 

LfcASoT. "i-7?-Y^Mfe7'J^GaNf54 < fe< 
itt^ZtUK&ntXA I G aNWtric&Sltttrt*« 

[0 2 13] £©J:-3CK4iGaNJMiMft/ , <y'7 7— M 

1 srt. -y-77-f^sfiii i ! &u<ti7 : &;i'7 3 f^jST- 

ftfiffiilLl£SG a Nrtv 7 y-JH 1 2 tO#T^iE*« 

[0 2 14] ^©JiOiCiSittGaNrnWifliA-v^T-W 
40 13H. n AIGaN3>*£MHl46W*»HK# 

LTl>*. ^©<SiaGaNWiStt^y7y-H 
1 3**ftV»t. *«#*^»riE««A 1 GaNJRfcfiW. 

jflhKSG a NA*>y 7 7-H12 Hfcte^A'A?. C t left 
■S. ^Ofettt4l-.*FSHcfs»L». 
A 1 GaNHK**sf4fffe±U5*<. 
»»CaNWiSfl/V;7y-H13l:iO«t*t-fi 
50 *a«|»iI:SiiT^*. 
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[0215] SiaGaNm$SaA-y7r-Kl 3 

gfcitt • 1 7 ? $*srrfcfc4-:i;S wfcli&U. 
[0 2 16] ^r-ftSKl 1 troffBBCtt, 

mi 2tt<6iUbMcUfcA I NA5»7r-B*C7tJl'7 

htf. i.5c&R i fwfe{t^hl£lcti5EW^W8S:S>l£«7tT JO 
«7irtli;:«<*>&-C**. LTitf^T. ^©J:oa«M 
BiWWBfcftW 3 tl. £H»«tefirtfi3i*JMT-Ktt «t 5*1 

[0 2 17] Lfc*toT. ^0<8a*£fi^v7y-JH© 
13, Zii»z<fcip. A 1 GaN«ja»£fc*«Jfc*7-W*«> 

(0 2 18] AlGaNHfl3«*#il^*i'tMPi 20 

T-fcRttW^tflOA 1 GaNJrKOfcttfcfcO. Rff<t« 
tt4MBjM*|?S*i*. &*s> Al GaNJrttt)fc»Ji;&ai> 
CO fc» \Z ft * S/K J9lB0t&«f ? & * *«. C a N M 12 a > 

33<T#S<Z)-t?. ±affl»£^3rt-s::4:i&tpflft-";» 

[0 2 19] *fc. hfflfcLT<oaKEII"flli*l» 

ha*fiO*t«S9*^%n&. GaN'cOlJ-BififcUTA 30 
1 GaNJHOA l»J«*tl 0 »jJ»&«U:WJ: 

[0 2 2 0] aiOJt-SttthlJ^ilfcifffiHWOU— *f 
SJStt. LfcHSl 0 5rnATtf^/W*RBLfc. 3S 
«ttAI24 1 5nm. ftfMtll-tt 1 0VT»:>fc. 

CO 2 2 1] c©J:}K*R«C>»9 

YJWRKHstfSA 1 GaNJ»©J5"3£-J"-#£U:fcU JH 40 
«aft*ijtr6*C«I&*f-)i£RtA 1 GaNRCDfe© 

V»AJf*AlGaNH*»*Ct*fTr*. SA 1 |Rj£a> 
Al GaN«6>5? h*HfcLT*-f h?* F**»# 

[0 2 2 2] Ufc**-aT, #T*Si*H'#KR<'*-*C 
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[0 2 2 3] *»16©;8ffi«>a***tJfl:ftW^ 
«**Tt45^Ttt. 1f7-/<A'£fiil 1 in - A 1 G 
AN3>**hflJ 4fc<0lflU=. S«)tj4G»N/t77 
7- H 1 2 SWBJM!iJPttT©Si!lG a N«lttfi/<Cv V 

filHtolfi+W/itt^SSft**?*}^. MEM 
ft#^ER*»A lG»SUOtiflDt»5:tK±«»7- 

**wft£*WJt-4"*C 

flG»NAv7 7-B] 3*«fil76ft4u2iir. feffis*? 
IfticD^SttfcScSS^. JskJtf^A 1 G aNJSOricfifeBl 

[0 2 24] /jiii, A 1 G a NJdflJS* *ft-***«© 

dcOJ^HTntf. «fcO— IffaSHA 1 G aNHW*7 
v >7 Bf ± U • f5fcltt<D?S t \<Mt *" U'JAS "NM* 

[0 2 2 5] (» 1 0 ©%ttaJE$ffi) l-.SdtB 1 ~% 8 <7J 

ft35jKcjj»jat-eii, (4) ss&tfxii (5) sticks 

btlS&ff-fcgftS-e-S^tT'A 1 GaNH<D*7ji> 
5S4-:*(i>;ikf*J:5«ctT^fc. cfiKWU ***© 
J*£ti. tB9©»*©;tJ«£ll"J«. AlGaNHflJJW 

JftOSfidWft*7-'<E»a»A 1 G ; aN8*<75t><7)|*te<5 < fc-5 
KT3r.iT. A 19ACtl 1 7*ff'H«l:A0A 1 Ga 

fc-5>f"£A 1 G aNWIcLA-jt^-S^ASTft^. 
[0 2 2 6] S] 2 9 tt*Sen"]®fl" 1 0 ©ftXcOJffttKfift 

[0 2 2 7] CWfffe*W*U— y«BlC*JW*ft*flS 

[0 2 2 8] *r, H2 9t^Tri7-7 7"f-V , a*2 1 I: 
JC, ST*, <SS (5 5 0"C) TAIGaNA77r-B 
2 2 (0. 0 Sum) ?£li£i<ai*, ^^TPSiS (110 
0t) KTGaN*ttft/b77-«4 0 (0. 3 jt 
m) 

[0 2 2 9] S^K, !-.C+*>Kjpnn-A I «. 
Ga,,. „„Nfi2 3 (S i K--/. 1 X 1 0 c m _ \ 
1. 5/ira) t. A 1 CaNB2 3 ^tUBbE^nfc 5 0 
^->^Xhn-AJ7<"Jn -GaK (S 1 H— "7*. 8X1 
0'"cra- ; ') 0^>y^KP-AJvOn-A 1 

n . R Ga M . Ha NH (S i H— "7*, 5XiO'"cm J ) 5 
0ttfr$U*mfc*3>9f KR2 4 t. n-Al„. : , 
Ga„. =, NJ77HB2 5 (S i 5X 1 0 ,T c 
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m--\ 0. 2um) t. 1 0 0 9 X h U-AM I n 
„ , Ga, „ N*«H«A 1 „. , Ga„ „ NT«*nfc« 
atft-3fc7>F-"^©fSft)PI2 6i. P-AU G 
a u .:, N£?v PJH27 (MgH-lA 5Xl0 ,7 cm 
" : \ 0. 2 urn) fc» GaN3>?^hM28 (MgH 
— 1\ 1 ~ 3 x 1 0 '"cm : \ 0. \ am) L&ti.'4Ki& 
^Lt. p«ttH3 0fcnfflffi«2 9t*«S 

[0 2 3 0] tt*J. C,aNiWv77-B40H 
W9«giEJfi<D»JSfl)GaN>|l«r4iA'v7 7-Hl 3 Wig 

y-R2 2H. W9ro*tt«»»TKflbfcffi«WftG 
aNA*777-ISl 2tH«ft«*tLTH4. 

[0 2 3 1 1 lahoj: 5 fc^attfc 
VtBll. U*^«5 5mAT'i£lliae»«bfc. ««« 
fil±4 1 5nm. ftfP«Ll:B5 VT*ofc. 

[0 2 3 2] dcO,t5lC. I 0 

t M*!i»Jili©«l. n A ) G a N <h G a N 
£Z$ism&=f-Wi&<D'-i i> h)H«rift*Jfc«)-C. Sf39 

!fUJffc«l*.«C4:a«T*#. ±D-JH«>tt«ttfl:ftia5 

[0 2 3 3] -Tfttj^. «1*2 9»J*tt<D7n-T<fcCj: 

[0 2 3 4] A 1 GaNP«P?S3&fl : &**SS<'3 

JBffl©«fttn»CU. AO (4) 5cC&tfXtt (5) 3C 

Hfl5J:-5KTii«. J;iJ-fl**fcAlGaNW0*7 

uttftr* a. 

[0235] &*». J:ati^ 1 ~« 1 0 0>3Ctt«>^tit(Cj3 
tttt<. 'J HBaO, 5»^** 

[0 2 3 6] St, ±fil» 1 ~»1 O0ffiK<7)jgB£ft 
Si. Ge&Efc/HHTfeKn. - 

i r-ti/Ta>«**»ff+*»*Jrtt a i 

GiNC«ftt»«L.fci}«. Cilllln, Ti. Si. 
C, Ni. fc£©S**iB*fcfc%fc<»i*fM&Hfl£» 
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=f. *t\tt'\'ifOtt*/H**-"9h J ?>y , X^ (HB 
T) . ifiS»»8Eh-7>^X^ (IIEMT) ^(-7>y 
7, * - it E Oft* 0)< f- t/< -f X#JF^ fc 9 ffl tffllST 
**. 

[0 2 3 7] *3£"fltt. ±B«-*«0»»C|RjE 
[0 2 3 8] 

10 I *AK:tt5tt**aW««:PiaiU G a ,., A 1 » N 
«B«.*fS-r&Ct&< ?7>vf 03g'4-:£PJ/-|HU *> 
■3. A I G aNS«A 1 *U4*B< U. WitfttftW^ 

[H3] «*£8s»b7?:#£l;:*5tt£, Ga, „ Al» 
@. 

[04] Ga A 1 NHflDJSSfttfA lSUfitGaNJH© 

[05] GaAlNJB©#SRtfA 1 tttffcGaNJHO 

[18 6] GaAlNfl©»SatMl*Ufc£GaNJH© 
30 J73iW#t»fBi 

[1^7] T^5">A*JSjDnLTft*fiUfcS*»lw*$W 
5. Ga, v Al, NHWaJdcfttfKJBt. 

[R8 3 a*&*bDbTfrJJil/fcK»k:*W*. Ga 
[09] ^^*)©t51W^SS©mfi8©5e>tyi'^--H© 

r.SWIBB. 

[Ed 1 0 J R3MSO»eS©a>t5 r 'f ^ i-HWBD 
40 0. 

[131 I) WaJBOJBBCJBSt^-f r.fiWin 

123. 

[El 2] *«W©W2©3lMO»lS«)l/^tf< r -f*- 

[HI 3] n*Jt©»18WU— Yt¥4-*- I'.lgKifti 
B. 

[HI 4] H*Jfc«»fi«i^— ^^'f-Hw i:a*fifii 

[Kl 5] ^fflcO^OU-' +f^^'-f-F<7> l".84Wrffi 
50 t£h 
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[Hi 61 *SBW©fB3Wj£»«>««OU'— y^-f*- 

K© r.«ffin«. 

[01?] H'Jttfi«»«OU— v?94-*- K© r.fawBi 
tsd. 

[r i 8 ] wgej»i«)»»oi'-u'4 r 'f f© r.ttwsr 
®. 

[Bai 93 i«d*tfi©j&*©u— tfy-r*- k© r.WKifl 
0. 

[0 2 0] ^JIWWWBWafcWJ&ttKlteiSfe^lSW 

[0 2 1 ] !«**©»»© U— «f © h-AIGhN^? 
•y KM. ff-ff-HBHRl^p -A 1 GaN*9v FHWfflfc- 
©fes««Mfl© A > K y f * y ? A ft *r M. 

[0 2 2] *WWa»6©£J6©Jg$Bf::&fc*fiB$.>©£ 

[02 3] *ft9J©aW©«16©JW«lUC*to*ffl»©Gj 

[02 4] *ftw©« 8 ©»«©»»»:«*>* 

[1332 5] |i481fi©JBfttCfllto*ffl4>©&Bffitt©rt>' 20 
[M26] *»»«©» 9 ©*lB©JMBlc«fc***fc£ 

[H2 7] wsjswjBttflfcftfc'PWM^Ka^T* 

[H2 81 ^lofflOlP^KiDA I GaNlHK:£?<y* 
[H2 9] *5§W©?Bi 0©UaS<DJW6fc:«ftbaS#fc 

1 1 r-ffttlR 

1 2-GaN/<*7 7-JB 

1 3-GaN*B»A*y7y"H 

14-n-AU 1B G a„. H r.Nn>5'^ 

I S-n-A l 0 .» Can, NV?-v Kfi 5 ? 

1 8-ffiffiH 

1 7 - p - A 1 o. C a ... ;, N?77 KJS 

18- GaN3>*?MPl -10 

19- nttttt 

2 o-pMffii 

2 1-1f77'fti« 

2 2-A1 GaNny7r-B 

2 3-n-A 1 o. mGa,,. m.NIB 

2 4-»a»T3>#» urt 

2 5-n-A I,,.:, Gh.il a N 
2 6-7>H-y©Stt.JB 
2 7 ••• ji — A 1 „ ;1 G a„ « 

2 8™GaN3>^ MH 50 
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2 9-n««« 

3 0-p4H«tf 

1 0 l "^7 7-ftM 

10 3-n GaN=i>**hJ8 
1 0 

10 5 — n A I o. .r.Ga 0 . « 5 K^7-y Hfi 5 ! 

1 0 6-iSf*.«W 

10 6a. 106 b-Jttf-f m 

1 0 7-p-A 1 o. i-,G a 0 ,.N>?7 KJf? 

10 8-p -GaNrfMUfeffl* fVftA 

1 0 9 --D-G aN=3>^i7 KJB 

110-p' - G a N r&iiSfsc "3>&9 hffl 

1 1 1 -««t»VJrt 

1 1 2-pfflJattil 1 2 

2 0 3-^7 7-f 

2 0 4-C.aN/^7 7-W 
2 0 r.-n-GaK3>?« 
2 0 fi- --nMmtf 

2 0 7 -n-AU „Gao.« 1 N?7-;( : fi 

2 0 8 -fStt.Pffl 

2 0 8 a. 2 0 8 b-Jfctf-f PJH 

2 0 9-p-A 1 „. , n G a ci. nN>7'; KFi 

2 1 O-p-GaNFWti&H + irvT'B 

2 1 1 ■■■i)-CaN3>^* h# 

2 12-p' -GaNfliMfn^^MR 

2 1 3-pW«tt 

2 1 4 

3 0 1 -4KS©j££#8 
3 0 2-#X»Xn 

3 0 3-#;u*wn 

3 0 

3 0 5 "•SnttJtoflMMS 
3 0 6 -WjBTOf 

3 0 7-«« 

4 0 1 -^y-fTS* 

4 0 2-Ga„ 0 A 1 „. , NA*v7 7-JH 

4 0 3-n*RGaNW 

4 0 4 -^iBST #r«S2S*tt.H 

4 0 5-V4^**>«>A«ftD©D«IGao. 1 ,. lS NH 

4 0 5 

4 0 7-nW©GaNJH 

4 0 8. 40 9 

5 0 1. 6 0 1"47 7'f7SSi 

5 0 2. 6 0 2-GaN/ty77"W 
5 0 3, 6 0 3"-n«GaKM 

5 0 4, 6 0 4-n<fi©a*»5jn©Ga«. m«A I „ in N 
H 
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5 OS, 6 0 5"-JK*»J0CaNW 5 10-SiOaR 

5 0 6,6 0 6-*a5T#PffiififfiftlH 5 1 I •• 5 F 

5 0 7, 6 0 7-p«GaN« 5 1 2-S i O, R 

5 0 8, 6 0 8-T{r*'>0/»JWin©p«G8o k»A I 6lO-TJ«CiaN 

f. 0 9. 6 0 9--vy*>">Aiein«P«!GaNH 6 12-SlO.R 

[01] 
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[HI 0] 
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[HI 1] 




' o cos ojo ai5 020 ass a jo ass <mo cl4s aso 
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gfStP " 6< 
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Gai-i Al,N <MBa x 
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p-GoN ~S09 6(0— . 
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[021] 
SI : ! M«K-? 




(23) 
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[H23] [B24] 




(02 7] 

[H2 8] 
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